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® Production of paper and paperboard. 

®eIr7elZ ""^'i^^llTl "^1"^ '"^^"^^^ ^ centriscreen or other 

dJ^na^^rforjJn if TJ^"^ suspension, and an improved combination of retention, drainage. 
S« J . ^'"'"^^'^ ^ ^^^"9 *° suspension an excess of high molecular weight lineal 
synthetc cationic polymer before shearing the suspension and adding bentonite after shearing 
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Production of Paper and Paper Board 



This invention relates to the producfion of paper and paper board from a thin stocit (a dfluted aqueous 
suspension) of ceOuJose fibres and optionally filler on paper making apparatus in which the tiiin stock is 
passed through one or more shear stages such as cleaning, mixing and pumping stages and the resultant 
suspension is drained through a wire to form a sheet which is then dried. The ttiin stodt is generally male 
s by dilution of a tiiick stock tiiat is fomied earlier in tiie process. The drainage to form the sheet may be 
downwards under gravity or may be upwards, and tiie screen through which dranage occurs may be flat or 
curved, e.g., cylindrical. 

The stock is inevitably subjected to agitation throughout its flow along the apparatus. Some of ttie 
agitation is gentle but some is strong as a result of passage through one or more of the shear stages. In 
10 particular, passage of the stock tiirough a centiiscreen inevitably subjects the stock to very high shear. The 
centiiscreen is ttie name given to various centrifugal cleaner devices that are used on paper machines to 
remove coarse solid impurities, such as large fibre bundles, from the stock prior to sheet fbmiation. It is 
sometimes known as tfie selectifier. Otiier stages tfiat apply shear include centrifugal pumping and miM'ng 
apparatus such as conventional mixing pumps and fan pumps <i.e.. centrifugal pumps). 
IS It is common to include various inorganic materials, such as bentonite and alum, and/or organic 
materials, such as various natural or modified natural or synUietic polymers, in ttie tfiln stock for ttie 
purpose of improving tiie process. Such materials can be added for diverse purposes such as pitch control, 
decolouration of ttie dra'nage water (JP S98291) or for fadlitating release from drying rolls (JP 5059505). 
Starch is often Included to improve strength. 
20 Process improvement is particularly desired in retention, drainage and drying (or dewatering) and in tiie 
formation (or stnjcture) properties of ttie final paper sheet Some of tiiese parameters are in confitat witti 
each ottier. For instance if the fibres are flocculated effectively into conventional, relatively large, floes ttien 
this may trap the fibre fines and filler very successfully, so as to give good retention, and may result in a 
porous stiTJCture so as to give good drainage. However tiie porosity and large floe size may result in rattier 
25 poor fomiation, and tiie large filDre floes may tend to hold water during tiie later stages of drying such tiiat 
the drying properties are poor. This will necessitate ttie use of excessive amounts of ttiennal energy to dry 
tiie final sheet. If ttie fibres are flocculated into smaller and tighter floes ttien drainage will be less 
satisfactory and retention usually will be less satisfactory, but drying and formation will be improved. 

Conventional practice ttierefore has resulted in ttie paper maker selecting his additives accoreiing to ttie 
30 parameters that he judges to be tfie most important If, for example, increased filler retention is more 
important to tiie papermaker tiian increased production he is more likely to use a polyacrylamide or oflier 
very high molecular weight floccuiant If increased production is more important ttian increased retention 
then a coagulant such as aluminium sulphate is more likely to be diosen. Impurita'es in tiie stock create 
additional problems and necessitate ttie use of particular additives. 
35 It is known to include in tiie stock both an inorganic additive and an organic polymeric material, for ttie 
purpose of improving retention, drainage, drying and/or formation. 

In DE 2262906 1 to 10% iaentonite and/or 0.5 to 3% aluminium sulphate is added to tiie stock. folkDwed 
by 0.02 to 0.2% of a cationic polymer such as polyettiylene imine, so as *3 improve dewatering even in ttie 
presence of impurities in tiie stock. (In ttiis specification all percentages are dry weight based on tine dry 
40 weight of the stiDck, unless otiierwise stated.) 

In U.S. 2.368.635 bentonite is added to ttie stock and may be followed by ^uminium sulphate or ottier 
acidifying substance. In U.S. 3.433.704 attapulgite is added and alum and/or auxiliaiy filler retention materia 
can be incorporated. In G.B. 1.265,496 a stock contaning alum and pigmentary clay is fomied and cationic 
polymer is added. 

45 In U.S. 3.052,595 mineral filler, polyacrylamide and 1 to 20% bentonite, by weight t>ased on ttie weight 
of filler, are incorporated in tiie stock. It is stated ttiat ttie polymer could be added to ttie stock eitiier before 
or after tiie addition of fillers but tiie preferred process involves adding ttie bentonite to a stock containing 
tiie remainder of tiie fillers and ttie fibres, and tiien adding the polymer. In each instance tiie polymer used 
in this process is substantially non-ionic polyacrylamide. In EP 17353 unfilled paper is made from crude 

50 pulp by adding bentonite to tiie stock followed by substantially non-ionic polyacrylamide. 

R 67735 descritjes a process in which a cationic polymer and an anionic component are included in the 
stock to improve retention and the resultant sheet is sized. It is stated that the cationic and anionic 
components can be pre-mixed but preferably tiie anionic component is first added to the stock fbUowed by 
the cationic. or they are added separately at tiie same place. The stock is agitated during the addition. It is 
stated ttiat ttie amount of cationic is 0.01 to 2% preferably 0.2 to 0.9% and ttie amount of anionic is 0.01 to 
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adequately agitatS HowL°itTs als^^^ 1'""' 

is advantageous to add the ^onic SSe the wif ^^^^^^^ f ' P^'^"^^^) « 

Show adding 0.15«/, colloidal silica solt^^i^veTy TckSc. LT^^^^^^ are laboratory examples and 

by a further 0.15% colloidal silica sol. In onHxaJiDle^^ to 2% cat.onic starch followed 

cationic polyacrylamide. In the only examole anThL, J'^ '^^'^ 0-25% 

process) oter f<,ly,„er .as still «ld«J at ffi itesT^utS? ™^ ^ '"^ ^"^ " 

ssr '"'^ « ^ ^ ^ -tr^ssr r . 

> » th. rol»»on aid Is added Mora tha (a„ pump I* ""<'"»««' 

addition" a^fc cS^'anTctetly daLsSa.ad'Z'' » 1 '»'"™' «» 

lne«tal,la If the llocSatad ^^ T^J^J^t^J^T^ " «»■ " "^P" >» 

■Pa*"to.*.ay«a*p«yj2^1^t rZLnr«?dS'^^ ^ '» 
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in many of these processes a starch, often a caBonic starch, is aiso mciuded m the suspens.on n order 
to improve the burst strength. Whereas cationic synthetic polymeric retenton ads ^^'^^f^f^^^^ 
moleailes of relatively high charge density, cationic starch is a globular molecule having relatively low 

"^^rpJSS'that is apparently intended to obtain both good strength properties and satisfactory retention 
properties is described in U.S. 4,388.150 and uses colloidal silicic add and cationic starch. It is sad that the 
components may be pre-mixed and then added to the stock but that preferably the mixing is condurted m 
the presence of the stock. It is said that the best results are obtained if the colloidal silicic acid ismixed into 
the stock and the (^onic starch is then added. It appears that a binder complex is fonned between ttie 
colloidal silicic acid and the cationic starch and it is said that results improve as the Zeta potential m the 
Initial anionic stock moves towards zero. This suggests that the binder complex is intended to have some 
coaqulation effect upon the stock. 

A process has been commerciansed by the assignees of U.S. 4.388.150 under the trade name 
Compo25!. -nie trade fiterature on this states that the system is an advantage over "two component systems 
containing long-chain Hnear polymers" and further states that the anionic colloidal silica is the unique part 
of the system-, is "not a silica pigment", and "acts to agglomerate the fines, filler and fibre already freated 
with the cationic starch". The system is also described in Paper, 9th September 1985 pages 18 to 20 and 
again it is stated that the anionic silica acid is a colloidal solution that gives the system its unique 

^°^3frSigh the system can. in some processes, give a good combination of strength and process 
perfonnance it suffers from a number of disadvantages. The colloidal silica, that is essential, is ye^ 
expensive. The cationic starch has to be used in very large quantities. For instance the examples m U.S. 
4 388 150 show that the amount of cationic starch and colloidal siHca that are added to the stock can be » 
high 'as 15% combined dry solids based on the weight of clay (clay is usually present in ^ amount of 
about 20% by weight of the total solWs in the stock). Further, the system is only successful at a very 
narrow range of pH values, and so cannot be used in many paper making processes. 

W086/05826 was published after the priority date of the present application and recognises the 
existence of some of these problems, and in particular modified the silica sol in an attempt to make the 
system satisfactory at a wider range of pH values. Whereas Fl 67736 describes, inter ^ja. *e "se of 
bentonite or colloidal silica in combination with, e.g.. cationic poiyacryiamide and ©'^emp^ed acWing me 
cationic poiyacryiamide with agitation followed by addition of some of the colloidal silica sol. in W086/0582fi 
the colloidal silica sol is modified- In particular cationic poiyacryiamide is used in combination with a sol of 
colloidal particles having at least one surface layer of aluminium silicate or aluminium-modHied siliac acid 
such that the surface groups of the particles contain silicon atoms and aluminium atoms m a ratio of from 
9 5-05 to 7 5:2.5. The ratio of 7.5:2.5 is achieved by making aluminium siHcate by precipitation of water 
glass with sodium aluminate. It is stated that the colloidal sol particles should have a size of less than 20nm 
and is obtained by precipitation of water glass with sodium aluminate or by modifying the surface of a siliac 
acid sol with aluminate ions. We believe that the resultant sol is. like the starting silicic add sol. a relatively 
low viscosity fluid in contrast to the relatively thixotropic and pasty consistency generated by the use of 
bentonite as proposed in R 67736. ^ ^ , 

No detailed description is given as to the process conditions that should be used for adding the 
polymer and the sol and so presumably any of the orders of addition described in U.S. 4,388.150 are 
suitable. Improved retention compared to. for instance, tiie use of a system comprising bentonite sold under 
the trade name "Organosorb" in W086/05826 Is demonstrated, as are improved results at a range of pM 
values but the necessity to start wittn colloidal silica and tiien modify It is a serious cost disadvantage. 

Tlie use of cationic polymer in the presence of syrthetic sodium aluminium silicate has been descnbed 
by Pummer in Das Papier. 27. volume 10. 1973 pages 417 to 422. espedally 421 . 

It would be desirable to be able to devise a dewatering process for ttie manufacture of botti filled and 
unfilled papers ttiat can have good burst strength and. in particular, to devise such a process ttiat has 
, dewatering performance (retention, drainage and/or drying) and formation properties as good as or 
preferably better ttian tiie Compozil system or ttie system of U.S. 4.388.150 whilst avoiding ttie need to use 
expensive materials such as colloidal sifidc add or large amounts of cationic starch, and which does not 
suffer from ttie pH resttictions inherent in ttie Compozil process. 

According to ttie invention paper or paper boanj is made by forming an aqueous cellulosic suspension. 
5 passing the suspension tiirough one or more shear stages selected from deaning. mixing and pumping 
stages, draining tiie suspension to fomi a sheet and drying ttie sheet, and ttie suspension ttiat is drained 
includes organic polymeric material and inorganic material, characterised in ttiat ttie inorganic matenal 
comprises bentonite which is added to ttie suspension after one of ttie said shear stages, and ttie organic 



0235 893 



E^OoTwlhTrr//!^^^ "^^^""'^ f^^^ns -molecular weight 

0^% J H *^ ""'"^^ ^'^^^ ^« ^ which is at S 

S!^ ?*? 1 . ^ °^ suspension, when the suspension contains at least about 0 5% 

iln'S^ ? """"'Iff ^ "'^^ °^ P^"'^"^- lower JSuum anS^.^ en^^ 

S« "°"^f V^"'^«d P^rs having good formation. The process can be operated slaSSraf a 
wide range of pH values and with a wide variety of cellulosic stocte and pigments A^Zh rt^^lLVin 
«;e invention to use more synthetic polymer tt^an has conventio^aJy^n 231 ZZe^c r^on L^S 
*e « Of additives are very much less than the amounts usi^ in. for instS^.'^^^e^mpXoce^ 

wher^'TJJnL"^ '° ''^ ^ «>"oidal silica, and 

whereas we confimi below that the replacement of colloidal silica by bentonite when using cationicltS 

■° ssiriLx^sX;^^^^ -0 long ch^nir^ 

flocculated stock to shear and preferably we subject it to the ve J Wnh chlT!!!. * 

^nl «n7^ T "'^ P™'^^ to an inevitable reduction ?n bJS 

strengtt, and -^er practice disadvantages, all of which are avoided in the invention. 

in c^hSon T °* "^'"9 bentonite. silica sol. or anionic organic polymer 

IT^J^Zt^^^^Z l Z^"^ ^ "° ="99«^°" the polyS^should 

shearing in the centnscreen and the colloidal silica after. 

process of R 67736 by tfie use of the special silica sol rather than colloidal silica or berrtonite whereas in 
the invention bentonite is essential and gives better results than the special sol vSSs^^i „o^ 

I ^nJ!Z^J°^r ^ "^'^ °" conventional paper making apparatus The thin 

""^K '° ""^^^ d""f "9 a thicJlock whicS tJpS has b!^n 

ad'cSti^s anZr D^o'n^'^^^^^ ^T^^ '^"^ strengthenJ; ' ^ent " oSr 

aoaraves, ana water. Dilution of tfie thick stock can be by means of recycled white water •nw^noi, m=„ 

4 IS^m^b IJL?'^"' "^^^ pumps'known asTi pum^ F^r 

Hh^e wLit me th^' S.^"^ ^ centiscreen by a first fan pump. The thick stock can be Sluti 
oy wnite water to the thin stock at the point of entry to this fan pump or prior to Uie fan oumn «r, h„ 

Tp'^: touoTa ' '""""^ P-p.'T.e'th" S may bTd'S^^er^ 

SirouST^L^nd t n 'r"""^^"- '^^ centnscreen may be passS 

tiuough a second fan pump and/or a head box prior to the sheet forming process. This may be Slnv 



DOinl"of*htarrp!!;"J?. ^T"^V° "^"'^'^ ^"^^^'-^ P°'y'^«^ be*°^« ^tock reaches the last 

Eom?,h 1^' '"'""^ "^^'^'^ '^"^^ ^^^^'"9 the bentonite. It is possible to insert in 

rXer id J^nton^L^l:''' ^"^^^ ^'^"^ ^^P^"^- betwe^ra^d^g 

0tSeri4^!Lr?h?cM ^ ^ " ^'^^ P'^^'^^'^ *° ^ ^''^^"g device that Is in tiie apparatus for 

T^ '^eS^'J'J^^ !f ^ ^^"*^^9^"V- « a mixing pump butT usually a 

ZcZ^Z'^^^LL P^'y'"®' '"^y ''^ t^fo^e the shear stage lat 

. precedes the bentonrte addition or rt may be added earlier and may be carried by tine stock throuS«ie S 
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more stages to the final shear stage, prior to the addition of ttie berttonite. If there are two centriscreens 
then the polymer can be added after the first but before the second. When there is a fan pump prior to the 
centriscreen the polymer can be added between the fan pump and the centriscreen or into or ahead of the 
fan pump. If thick stock is being cfiluted in the fan pump then the polymer may be added with the dilution 
water or ft may be added direct into the fan pump. 

Best results are achieved when the polymer is added to thin stock (i.e., having a solids content of not 
more than 2% or, at the most. 3%) rather than to thick stock. Thus the polymer may be added direct to the 
thin stock or it may be added to the dilution water that is used to convert thick slock to ttiin stock. 

The addition of the large amounts of synthetic polymer causes the formation of large floes and ttiese 
are immediately or subsequently broken down by the high shear (usually in the fan pump and/or 
centriscreen to very small floes that can be termed stable microflocs. 

The resultant stock is a suspension of these st^le microflocs and bentonite is then added to it The 
stock must be stin-ed sufficiently to distribute the bentonite throughout the stock. If the stock that has been 
treated with tentonite is subsequently subjected to substantial agitetiori or high shear this will tend to 
reduce the retention properties but impnsve still further the fomiation. For instance tiie stock containing 
bentonite couW be passed through a centriscreen prior to drainage and the product will then have very 
good fonnation properties but possibly reduced retention compared to the results if tiie bentonite was 
added after that centriscreen. Because fomiation in tiie final sheet is usually good, in tiie invention, if the 
bentonite is added just before sheet fonnation, and because it is generally desired to optimise retention, it 
is usually pretend to add tiie bentonite after tiie last point of high shear. Preferably the polymer is added 
just before the final fan pump and/or final centriscreen and the stock is led, witiiout applying shear, from the 
final centriscreen or fan pump to a headbox, tiie bentonite is added either to the headfciox or between tiie 
centriscreen and the headbox, and tiie stock is then dewatered to form the sheet 

In some processes it is desirable to add some of tiie bentonite at one point and ttie remainder of the 
tientonite at a later point (e.g., part immediately after the certriscreen and part immediately before drainage, 
or part tiefore the centriscreen or other device for applying the shear and part after). 

The thin stock is usually brought to its desired final solids concerrtration. by dilution with water, before 
the addition of the bentonite and generally before (or simultaneously witti) tiie addition of the polymer but in 
some instances it is convenient to add furtiier dilution water to ttie thin stock after the addition of tiie 
polymer or even after tiie addition of the bentonite. 

The initial stock can be made from any conventional paper making stock such as traditional chemical 
pulps, for instance bleached and unbleached sulphate or sulphite pulp, mechanical pumps such as 
groundwood. ttiermomechanfcal or chemi-tiiemiochemfcal pulp or recycled pulp such as deinked waste, 
and any mixtures tiiereof. 

The stock, and ttie final paper, can be sut>stantially unfilled (e.g., containing less ttian 10% and 
generally less tiian 5% by weight filler in tiie final paper) or filler can be pnDvided in an amount of up to 
50% based on tfie dry weight of tiie stock or up to 40% based on tiie dry weight of paper. When filler is 
used any conventional filler such as calcium cartwnate. clay, titanium dioxide or talc or a combination may 
be present The filler (if present) Is preferably incorporated into tiie stock in conventional manner, before 
addition of the synttietic polymer. 

The stock may include ottier additives such as rosin, alum, neutral sizes or optical brightening agents. It 
may include a strengttiening agent and tills can tie a starch, often a cationic starch. The pH of the stock is 
generally in the range 4 to 9 and a particular advantage of tiie process is tiiat it functions effectively at kjw 
pH values, for instance below pH 7, whereas in practice ttie Compozil process requires pH values of above 
7 to perform well. 

The amounts of fibre, filler, and otiier additives such as sti-engttiening agents or alum can all be 
conventional. Typically ttie ttiin stock has a solids content of 0.2 to 3% or a fibre content of 0.1 to 2%. The 
stock preferably has a solids content of 0.3 to 1.5% or 2%. 

The organic, substantially Hnear, synttietic polymer must have a molecular weight above about 500.000 
as we believe it fiinctions, at least in part, by a bridging mechaitism. Preferably ttie molecular weight is 
above about 1 million and often above about 5 million, for instance in tiie range 10 to 30 miWon or more. 

The polymer must be cationic and preferably is made by copolymerising one or more ettiylenrcally 
unsaturated monomers, generally acrylic monomers, ttiat consist of or include cationic monomer. 

Suitabte cationic monomers are dialkyi amino alkyl -<metii) acrylates or -(metii) acrylamides. eitiier as 
add salts or. preferably, quaternary ammonium salts. The alkyl groups may each contan 1 to 4 cariDon 
atoms and tiie aminoalkyi group may contain 1 to 8 cartwn atoms. Particulariy prefeoed are dial- 
kylaminoettiyl (metti) acrylates. dialkylaminomettiyl (metti) acrylamides and dialkylamino-1 .3-propyl (metii) 
acrylamides. These cationic monomers are preferably copolymerised wfth a non-ionic monomer, preferably 
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acrylamide, of monomers such as dteflvl dii^tS! T homopolymers or copolymers, generally with 

cfflonic starch. s>ibsWally Imesr ,„ compansoo w» the globular stactur. of 

relMlvoly high degra. of s.inon. =ln« t^S, »S .^ar^STJ^ T^.T' ' 

weigh, of pap.,), oflan ^ 0 S'fl a M k^. ° ""^ I'"'™' drv 

5igni«oam shoar IS 85011^^^6 sLo^n fTLi^'"™" can te usad. In thesa procassas ™, 

dosage Is increased »p lo, typically 0(K%^7^ tZJ^ ™°" """"""^ ""l^'' 

impn^ment In ratention and IS .SS^dewIL^,,;^ Th*" ""^ " "» 

be achieved with dosages as low as thisT*e S to w^L 1 > ^^"""^^ ^^"^ ^ 

30 substantial amount, e.g . 0.5%. caSnfc binder S^everTl JJ^^T " f ''^^ "'"'^'^ ^ 
contains a small amount then the dosage TmJ^^LL^Z h? . °^ "^""'^ ^'"^^^ °^ •'"'^ 

(0.6 kA). This is a convenient min2 evL ^7^^ STd^cSlin" ? "'"'"^ ^ '^^ ° * 
Otten the amount is at least 0 08% Thl!^«. Z „ . * '^9® ^ationic binder. 

amounts of below O-fsIrSu^rbeiro pXriTrt^^^^ ^•''S ^^"^""^ 
35 0.15%. ^ preten-ed. Best results are generally obtained with 0.06 to 0.12 or 

wiH LT£ 1 Cret^" b'^otTs: TelLe S ^ -^-'"^ and «s amount 
other cationic strengthening aid '^^^ ""^^ ^ "^^^ formaldehyde resin or 

. that^e%;"an^g'';^'SLTre c'eSicrtn '^rref h^^^'^ ^° "^'^^ ^° — 

which contain or cairTSSc enT caSroTrn« T '^"'^^ *^ °^ 

cationically chargeHuSgi^rt^sTrt e«S ^M!w^'«f^ ^ '^^ °' ^^^'^^^ «"ffi°«"«y 

raZir,n?i££^rH?r^^ 
re^rr!?rs,y~r^^ 

addition o, the sS and mfSo^J ""»•»» Z«> P<*»«« tollowlng lha 

-u^safcno.toch.^rintarXnsirpyrS;:^""- U.na, „ao ^ 

« "l^.loiTh™.:T«^o* ^^^^ "f ""^^ " « 

pMng tha paHonnance proAffi^ n^ proS^ :,?T1°^'^^ be datennlnad e^memaily by 

fiocculart. far beyond the level at whl^thlci!!.* ?• '"crease in the amount of 

oeyona the level at which the significant improvement in performance occurs, is unnecessary 
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and. for cost reasons, undesirable. Naturally this test wrth the bentonite must be conducted after subiecting 
the flocculated suspension to very high shear so as to break it down to microflocs. As a result of having 
sufficient flocculant these floes are sufficiently stable to resist further degradation during the sheanng in the 
centriscreen or other shear stage. 

tt is essential in the invention to use a cationic polymer as the first component, rather than a non-ionic 
or anionic polymer and, as the second component, it is essential to use bentonite rather than any other 
anionic particulate material. Thus colloidal silica or modified colloidal silica gives inferior results and the use 
of other very small anionic particles or the use of anionic soluble polymers also gives very mfenor results. 

The amount of bentonite that has to be added is generally in the range 0.03 to 0.5%. preferably 0.5 to 
0.3% and most preferably 0.08 or 0.1 to 0.2%. ^ ^ ^ 

The bentonite can be any of the materials commercially referred to as bentonites or as bentonrte-type 
clays i.e.. anionic swelling days such as seplalite. attapulgite or. preferably, montmorillinite. The montmonl- 
nnites are preferred. Bentonites broadly as described in U.S. 4.305,781 are suitable. 

SuRabte montmorillonite clays include Wyoming bentonite or Fullers Earth. The clays may or may not 
be chemically modified, e.g., by alkali treatment to convert calcium bentonite to alkali metal^ bentonite. 

The swelling clays are usually metal sflicates wherein ttie metal comprises a metal selected from 
aluminium and magnesium, and optionally other metals, and the ratio silicon atoms:metal atoms in the 
surface of the clay particles, and generally throughout their structure, is from 5:1 to 1:1. For most 
montmorillonrtes the ratio is relatively low. with most or all of the metal being aluminium but with some 
magnesium and sometimes with, for instance a iitUe iron. In other swelling clays however some or all of tt>e 
aluminium is replaced by magnesium and the ratio may be very tow, for instance about 1.5 in sepialite. Ttie 
use of silicates in which some of the aluminium has been replaced by iron seems to be particularly 
desirable. , . 

The dry particle size of the bentonite is preferably at least 90% below 100 microns, and most 
preferably at least 60% below 50 microns (dry size). The surface area of the bentonite before swelling is 
preferably at least 30 and generally at least 50. typically 60 to 90. m'/gm and the surface area after swelling 
is preferably 400-800 mVg. The bentonite preferably swells by at least 15 or 20 times. The particle see 
after swelling is preferably at least 90% below 2 microns. 

The bentonite is generally added to the aqueous suspension as a hydrated suspension in watw. 
typically at a concenfation between 1% and 10% by weight The hydrated suspension is usually made by 
dispersing powdered bentonite in water. 

The choice of the cellulosic suspension and its components and tiie paper making conditions may all 
be varied in conventional manner to obtain paper ranging from unfilled papers such as tissue, newspnnt 
groundwood specialities, supercalendered magazine, highly filled high quality writing papers, fluting me- 
dium, liner board, fight weight board to heavy weight multiply boards or sack kraft paper. 

The paper may be sized by conventional rosin/alum size at pH values ranging between 4 and 6 or by 
tiie incorporation of a reactive size such as ketene dimer or alkenyl sucdnic anhydride where ttie pH 
conditions are typteally between 6 and 9. ^ , ^ ■ ^ 

The reactive size when used can be supplied as an aqueous emulsion or can be emulsified in sihj at 
the null with suitable emulslfiers and stabilisers such as cationic starch. 

Preferably the reactive aze is supplied in combination witii a polyelecb^olyte in known manner. The size 
and tiie polyelectrolyte can be supplied to ttie user in tiie form of an anhydrous dispersion oftiie 
poiyelecti-olyte in a non-aqueous fiquid comprising the size, as described in EP 141641 and 200504. 
Preferably ttie polyelecb-olyte for application with ttie size is also suitable as ttie synthetic polymenc 
retention aid in ttie invention in which event the size and ail tiie synthetic polymer can be provided in a 
single anhydrous composition of the polymer dispersed in ttie anhydrous liquid phase compnsing tiie see. 

Suitable metiiods of making tiie anhydrous compositions, and suitable sizes, are descnbed in tiiose 
European specifications. The anhydrous dispersions may be made by formation of an emulsion of aqueous 
polymer in oil followed by dehydration by azeotroping in conventional manner and ttien dissolution of the 
size in the oil phase, witti optional removal of tine oil phase if appropriate. Tlie emulsion can be made by 
emulsification of an aqueous solution of the polymer into ttie oil phase but is preferably made by reveree 
phase polymerisation. The oil phase will generally need to include a stabiliser, preferably an amphipattiic oil 
stabifiser in order to stabilise the composition. 

In ttie following examples tiie follovring polymers are used:- 
; PC a copolymer formed of 70% be weight acrylamide and 30% dimettiyl aminoettiyl acrylate 

quantemised witti mettiyl chloride and having intrinsic viscosity (IV) 7 to 10. 

B: a copolymer of 90 weight % acrylamide and 10 weight % dimettiyl aminoettiyl mettiacrylate 
having IV 7 to 10. 
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to 3 
give 



C: polyethyleneimtne (Polymin SK S F) 
D: polydiallyl dimethyl ammonium chloride 

^ ^ ^ . . ^ ^ ^^^^^ ^^^^ ^^^^ ^ 

CSA: colloidal silicic acid "^^'^ °* '^"'^^ substitution 

The'b^l'^ rt ""''"'""^ modified silicic acid 

I a,.' aitpt S ac^arpZfprS^^^^^ -ontmorillonite.. Examples 1 

the '^/^"^'ti^'^'--^^" Of the results that w ,1 be oS^ed^hen th?^'^''*^^ '^'^^ '''' '^^^^ to 
the polymer being added before fha ««a'nea when the same materials are used on a miii ww, 

ExamniB i 

0 -'^7°^'^^^^^^^^^ designed to simulate full 

w.re prt and was passed through a mixing pump iJe ^sultJltl^ ^ '^"'"^ ^^^^ fro"' a 

»=fcCiS'SSS»'1STis2'"c^° ^I'rj*?™ the Stock „hte 
System (III) imohed the Mailon M o^jT"^ lust efter Kie fan pump. "°* 



Table 1 
.. .......... Retention % 



Dryness % 

35 



74 

^2 45.75 

P.or^:ireL^ (system i, compared to the two 

;s numerically relatively small coLerdSy Sif^^ !"^^^^ *e increase in dryneS 

.n mach.ne speed and or decreased steam Lma-iT^^Td^in^^^^^^^ ^ -Tease 

Example g 

The process of Examola i was 
In Exampl. 1 M Wer aSiS f »»«»™ " I" a, descrtbed 

The PH « ^ s»ek 5.0. -SoS^™^ 3r i„"^T *'™ 
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System 



Table 2 

Retention % Dryness % 



84.0 45.75 



88.0 46.60 

This cleany demonstrates the significant advantage of System .1. over the prior process (System .1). 
both with regard to retention and web dryness after the presses. 



a mbdng pump «Ki <l=»=«o, » ajecond «'"'2^Jl;' ^'^Sl^ ^SS^S .loop tM iMd «. 
centriscreens. The results are in Table 3. 



Table 3 



% Retention 



~ ~ 8 2.2 

Nil 

A + Bentonite before centriscreens 86.8 

A + Bentonite after centriscreens 92.7 



under e^uO^rium running condi«ons using "0-3^^^ rLt^l^g^raTbyto? 

^^Trru™'der^^^ 

Britt jar tests were ^ed out -^^^.^S,^^^,^'^^^^^^^ S this 

dimer sizing agent ^d -f'^i^^^jiS^Sra'fiS'pass retention in the region of 55^% in 
consistency) in a me^nng ^.'^ meli.7;"Jj,;%^^;^ at this stage were very large and were 

sheared for one minute and then bentonite (rf useo) ^ au standaid Schopper 

® Laboratory drainage evaluations were also earned out on the same stocK^mg d sua. 



10 
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Test Polymer % 



Table 4 
Bentonite % 





1 


OA 


0 




2 


0.05A 


0 


10 


3 


O.IA 


0 




4 


0.15A 


0 




5 


O.IA 


0.2 


75 


6 


0.15A 


0.2 



Retention 


Drainage 




(sees) 


56.9 


56 


61.0 


41 


61.4 


28 


61.7 


25 


63.7 


14 


81.7 


7 



paffioto MOCK. TOe ^.^JZ^ZTZ ? S.T''" ? * <" «» 




(sees) 



Polymer % 
0 

O.IA 
0.15A 
O.IA 
0.15A 



11 
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Table 6 

Test polymer % Inorganic % Retention 







Additive % . 




1 


0 ' 


0 


58 ■ ' 


2 


IS 


0 


58.4 


3 


0.5S 


0.2CSA 


77.8 


4 


IS 


0.2CSA 


79.2 


5 


IS 


0.4 Bentonite 


66.6 


6 


IS 


0.6 Bentonite 


69.5 


7 


0.15B 


0.2CSA 


70 


8 


0.15B 


.0.4 Bentonite 


83.0 


9 


0.15A 


0.2CSA 


70.8 


10 


0.15A 


0 


62.3 


11 


0.15A 


0.4 Bentonite 


84.2 


12 


0.05B + 0.5S 


0.4 Bentonite 


70.5 


13 


O.IB + 0.5S 


0.4 Bentonite 


82.2 



Tests 3 and 4 are similar to the Compozil system and show the use of clonic sterch 
anioJcloLT^ Silica. Comparison of test 4 with teste 5 and 6 ^^^^ J^*^™? S'tS^ TTs 
Slloida! Silica with bentonite gives worse results. Similarly comparison of tests 3 or 4 wrth tests 7 or 9 



apparent 



A stock was formed as in Example 4 but with no filler and was t 
shearing and with bentonite or specified filler after the shearing. The resul 



jd with polymer A before the 
■e shown in Table 7. 



Polymer % 



Table 7 
Inorganic % Retention 



Drainage 







B/W Solids 


Time (sees) 


1 


0 


0 


1023 


33 


2 


O.IA 


0 


705 


24 


3 


O.IA 


0.05 Bentonite 


315 


10 


4 


O.IA 


0.1 Bentonite 


205 


5 


5 


O.IA 


0.2 Bentonite 


180 


5 


6 


O.IA 


O.l Clay 


710 


25 


7 


O.IA 


0.1 CaCOj 


700 


25 


8 


O.IA 


0.1 Ti02 


740 


25 






12 
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Example 8 



anhydride slj. a pH 7,5. C" *)■ Tt» Soct was sized vrth an alkonyl sucdnfc 

hydrated slurry was added as reauired S S ^ measuring cylinder and bentonite as a 1% 

paper. T«,fe 8 Shows *e aoh^d * and « STer^Z 



Table 8 



Drainage Time (sees) 

Additive 



No Bentonite Bentonite Addition 0.2 

^ ^ ^1 ~ TT 

Polymer C 35 



Polymer D 53 
Polymer 
Polymer 



Polymer E ac 

22 



30 



12 



addi«^Ll'^sKuSS;!,'f^^^ '^^"^^ «° -•'en added alone as s.-ngle 

bemonS is adl shS:;r '"'^"^^ ^''^ "^^^ shearing ^ 

PC fcor rrul^L^Xr^^^^^ f ~ - - in-ce 

to the cellulosic suspension emulsrfy.ng agent, so as to form an aqueous concentrate that is then added 



Birch"lTroTBrS°:rio%^ T^T' ^^^'-^ 

roKe wrtn 20 A added caloum carbonate. The stock consistency was 0.7% and a pH of 

procSL?"""" '^^'^ °^ "^'"9 Dvnamic Drainage Jar using the follo,«ng 
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The first component, (cationic starch or cationic pclyacrylamide) was added to a 1 Blre measunng 
cylinder containing starch. The cylinder was inverted four times to effect mixing and transferred to the Bntt 
Jar. The treated stock was sheared for 1 minute at a stin-er speed of 1500 rpm. The second component was 
then added (bentonite or polysliicic acid), the stirrer speed was immediately reduced to 900 rpm and m.x.ng 
continued for 10 seconds. Drainage was allowed to start and the drained white water was collected, fiitered 
and weighed dry. The total first pass retention was calculated from the data. 

The results are shown in Table 9. 

Table 9 

Test Polymer % Inorganic % % Retention 



1 


Nil 


Nil " 


65 


2 


O.IA 


Nil 


81 


3 


O.IA 


0.15 CSA 


85.4 


4 


O.IA 


0.2 -CSA 


85.9 


5 


O.IA 


0.3 CSA 


86.2 


6 


O.IA 


0.2 Bentonite 


93.3 


7 


0.5S 


0.15 CSA 


86.2 


8 


O.IS . 


0.15 CSA 


88.2 


9 


0.5S 


0.2 Bentonite 


79.5 


lO 


O.IS 


0.2 Bentonite 


81.2 



Comparison of tests 3 to 5 with test 2 shows that the late addition of colloidal s.nca does •mprove *e 
retention and so. as indicated in W0a8A)582e. some benefit does follow from the addition of colloidal siHca 
after synthetic linear polymer. However comparison of test 6 with tests 3 to 5 shows that bentonite gwes 
very much better results than colloidal silica In these circumstances. ^ . _ ^ , 

Comparison of tests 7 and 8 with tests 9 and 10 shows that when using cationic starch instead of a 
synthetic polymer colloidal silica gives better results. These results confirm the requirement in the Compoal 
process for using conoidal silica and suggest that a synergic effect exists between the cationic polymer and 
bentonite. but not between cationic starch and bentonite. 



Drainage times were recorded as in Example 4 on a stock fomied of 50% bleached birch. 50 /c 
bleached kraft with 20% added cataium carbonate and having pH 7.5. In test 1 neither potymer nor 
particulate additive was added. In tests 2 to 15 and 0.1% of Polymer A was added ttie steanng. In 

tests 3 to 16 the specified amounts of various anionic additives were added. In tests 14 0.2% bentonite was 
added but. instead of using Polymer A. 0.1% nonnonic polymer was used in test 14 and 0.1% anionic 
polymer was used in test 15. in test 16 polymer A and bentonite were added simultaneously before the 
shearing. The results are in Table 10. 



14 
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Table 8 

Drainage 

Test Anionic Additive Time (sees) 



1 NIL . . 56 

2 NIL - 34 
«> 3 0.2% Bentonite 6 

4 0.2% CSA 12 

5 10% China Clay 9 
,6 6 10% Kieselguhr 21 

7 0.5% alkali-swellable polyacrylic 

aqueous emulsion 30 

8 0.1% alkali-swellable polyacrylic 

aqueous emulsion 42 

9 1% water-swellable polyacrylamide 

dispersion in oil 20 

10 0.5% water-swellable polyacrylamide 

dispersion in oil 25 

11 0.2% water-swellable polyacrylamide 

30 dispersion in oil 23 

12 1% sodium polyacrylate crosslinked 

fines 27 

^. 13 1% polyacrylamide crosslinked fines 40 

14 0.2% bentonite (after non-ionic) 52 

15 0.2% bentonite (after anionic) 54 

16 0.2% bentonite (simultaneous) 30 



This confirms that Bentonite has unique properties compared to other organic and inorganic anionic 
materials or colloidal silicic acid, provided it is added after the flocculated system has been sheared before 
the addition of bentonite. 



45 Example 1 1 

Retention tests were earned out using the Britt jar tester. Thin stock containing 20% china clay was 
placed in the Britt jar and 0.1% Polymer A was added. This was then sheared at 1000 rpm for 30 seconds. 
0.2% bentonite was added and after allowing 5 seconds for mixing the test was carried out 
50 The procedure was repeated except 20% clay was added at the end instead of the 0.2% bentonite. 

Standard 100 gsm sheets were prepared using the above two systems. Retention and Burst strength 
were recorded and results are shown in Table II. 
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Table 11 

% Retention Burst 



Strength KPA 



20% china clay + 0.1% 

Polymer A + 0.2% bentonite 79.0 197 

0.1% Polymer A + 20% 

china clay 76.0 99 

This shows that although the late addition of high levels of china clay can give reasonable retention 
resulte compared to the bentonite, it has a dramatic bad effect on sheet strength. 



12 

Laboratory evaluations were canried out to compare different modes of addition of the polymer when 
using retention aid System III of Example 2. 

Samples of thick stock and Whitewater were obtaned from a mill producing publishing grade papers 
from bleached chemical pulps filled with calcium carbonate and sized with alkylketene dimer size. 

Thick stock consistency was 3.5% and the white water was 0.2%. The thick stock and white water were 
combined proportionately to give a thin stock consistency otO.7%. 

Laboratory retention evaluation were carried out using a Britt Dynamic Jar Tester as follows:- 

Fbr the control without any retention aid, thick stock and white water were combiend in the Britt Jar and 
sheared for 30 seconds at 1000 rpm. When the polymer was added to thick stock, the flocculated thick 
stock was sheared for 30 seconds at 1000 rpm. After addifon of the white water, further mixing was carried 
out for 5 seconds at 1000 rpm followed by the bentonite additions which was mixed for a further 5 seconds 
before testing. When the polymer was added to the white water this was sheared for 30 seconds at 1000 
rpm followed by addrtion of thick stock, this was then mixed for a further 5 seconds before bentonite 
addition which as before was mixed for 5 seconds before testing. The resulte obteined are shown in Table 
12. 

Polymer A dosage used was 0.2% and Bentonite dosage was 0.2%. 

Table 12 

Order of Addition % Retention 

Thick stock + White water 50.9 
Thick stock + White water + Polymer A 

+ Bentonite 70.5 
Thick stock + Polymer A + White water- 

+ Bentonite 56.5 
White water + Polymer A + Thick stock 

+ Bentonite 71.4 

This shows tiie benefit of adding the polymer to the thin stock, or to tine dilution water for ttie Ihin stock, 
in preference to adding the polymer to tiiick stock. 



16 
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Example 13 

Aluminium modified silicic acid sol AMCSA was prepared by treatment of colloidal silicic acid with 
sodium aluminate according to W086/0526 (AMCSA). It was compared at two pH values with CSA and 
5 bentonite, after Polymer A, as follows. 

The paper maldng stock was prepared from bleached kraft (50%). bleached birch (50%) and beaten to 
45''SR. and diluted to 0.5% consistency. The thin stock was split into two portions. The pH of one portion 
was 6.8, and hydrochloric acid was added to the other portion to adjust the pH to 4.0. 

600 mis of stock was added to a Beritt jar and 0.5% solution of polymer A added to give a dose level of 
10 0.1% dry polymer on dry paper. The flocculated thin stock was sheared for 60 seconds at 1500 rpm In the 
Britt jar after which the contents were transfen-ed to a 1 litre measuring cylinder and the anionic component 
was added. The cylinder was inverted four times to achieve mixing and the contents were transferred to a 
Schopper Reigler apparatus where the machined orifice had been blocked. The time for 400 mis to drain 
was recorded. 
16 TTie results are shown in Tables 13 and 14. 



Table 13 
Stock pH 6.8 



Polymer A 


Anionic 


Anionic 


Time 


Dose % 




Dose % 


(seconds) 


0 






75 


0.1 






47 


0.1 


AMCSA 


0.1 


19 


0.1 


AMCSA 


0,2 


18 


' 0.1 


AMCSA 


0.4 


23 


0.1 


CSA 


0.1 


20 


0.1 


CSA 


0.2 


18 


0.1 


CSA 


0.4 


23 


0.1 


Bentonite 


0.2 


7 



55 
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Table 14 
Stock pH 4.0 



Polymer A 


Anionic 


Anionic 


Time 


Dose % 




Dose % 


(seconds) 


0 






73 


0.1 


_ 


_ 


47 


0.1 


AMCSA 


0.1 


22 


0.1 


AMCSA 


0.2 


17 


d.i 


AMCSA 


0.4 


19 


0.1 


CSA 


0.1 


33 


0.1 


CSA 


0.2 


27 


0.1 


CSA 


0.4 


23 


0.1 


Bentonite 


0.2 


7 



This shows that aluminium modified coiioidal silicic add (AMCSA) prepared according to W086/0S826. 
performs as well as colloidal silicic acid (CSA) described In U.S. 4,388,150 at pH 6.8, but performs better 
than colloidal silicic acid (CSA) at pH 4-.0. The results show that Bentonite performs significantly tretter than 
either CSA or AMCSA at both pH values. The results demonstrate the synergism that exists specifically 
between cafionic synthetic polymers and bentonite when the stock is sheared after the polymer addition. 



Example 14- 

The effect of addition of soluble anionic polymer G instead of bentonite in the retention aid system was 
evaluated in the laboratory on a stock consisting of bfeadied chemical pulps, caldum carbonate and 
alkyiketene dimer aze. Both retention and drainage teste were carried out 

Retention tests were carried out usirjg a Britt Dynamic Jar. The required amount of Polymer A was 
added to 500 mis of thin stock and sheared in the Britt Jar at 1000 rpm for 30 seconds. This was followed 
by the addition of bentonite or Polymer G at the appropriate dose level and after allowing 5 seconds for 
mixing the test was carried out 

Vacuum drainage tests were carried out by taking thick stock and treating it as atxjve but after mixing in 
the bentonite or polymer the stock was t-ansfen-ed into a Hartley Funnel titled with a filter paper. The 
Hartley Funnel was attached to a conical flask fitted with a constant vacuum source. The time was then 
recorded for the stock to drain under vacuum until the pad formed on the filter paper assumed a uniform 
nriatt appearance corresponding to removal of excess water. 

Results are as shown in Table 15. 
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^'^^^^^''^ % Retention vkcuum Drainage 

Time (seconds) 



70.8 80 



Nil 

0.1% Polymer A + 

0.2% Bentonite 95.3 g 

0.1% Polymer A + 

0.1% Polymer G 88.4 26 

0.1% Polymer A + 

0.2% Polymer G 88.4 
0.1% Polymer A + Zero 8 4.8 



30 
14 



Claims 



drained includes organic polymeric material phh h, • suspension that is 

material comprises tontontt^ whiS js aSeJto 1 '^'^^^^^^^^'ised In that the inorganic 

organic poi^ric mrriafclpli^f sl^^^^^^^ ^'^-^ ^9-. the 

weight above 500.000 which is added L i?? ! 'near synthetc caton.c polymer having molecular 

about 0.03%. baseZr dri v^at o ftf,„.^^^^^^ ^ °f 

cationic binder or aive afao^ 1*! ^f'^" suspension contains at least about 0.5% 

binder in an amountVf not mo^e th^It^^ro " ^ °' "'"'^^ °^ 

fan pump^lTmii^jSp? ' " ^"^^ centriscreens. 

po.v:;hre^u~:^x,.^^^^^^^^^^^ 

and polymers of acrylic monomer, composing a'ciS a^rmonomt " " 
from O.osToS.'""'"'"' *° '"^"^ "^"^ ^^nthetic "polymer is added in an amount of 
susif ^SSedTS^^^^ - — - ^ ^Vdrated 

0.03 to 0.5%"" '° ''"'^^'"^ -^'^^ - added in an amount of from - 

sublU°r ;i^rc?r Lu"LMslTJ"airf«.n"^^'°" ^^^^^^^ 
polymeric material. substantally all of which was added before the synthetic 

having in™isc^i^''l,';e7dK'^ ^^'"^ -"'^^^ ^ P°'V-- 

(meth) -acrylate or .ac;J;a:;Se (a: 2 Tc^^^Zr """" di^Maminoalky, - 
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10. A process according to any preceding claim in which the cationic polymer has a cationic charge 
density of 0.35 to 2.5 equivalents of nitrogen per kilogram polymer. 

11. A process according to any preceding claim in which a reactive size is incorporated in the aqueous 

^"^*A process according to claim 11 in which the synthetic polymer and the reactive size are provided 
as a dispersion of substantially anhydrous particles of the polymer in a substantially anhydrous oil phase 
comprising the size and this dispersion is mixed into water. 

13 A process according to claim 1 comprising fonning an aqueous cellulosic suspension selected trom 
suspensions that are substantially unfilled or that contain filler, cleaning the suspension by passage through 
a centriscreen. draining the suspension to form a sheet and drying the sheet, and in which 0.06 to 0.2% 
synthetic, substantially linear synthetic cationic polymer is added to the suspension before the centriscreen 
and 0.03 to 0.5% bentonite is added after the. centriscreen. and in which the synthefc polymer is selected 
from polyethylene imine, polyamine epichlorhydrin prbducts. polymers of dialiyi dimethyl ammonium 
chloride, and polymers of acrylic monomers comprising a caBonic acrylic monomer. 

14. A process axonSng to any preceding claim in which the suspension has a soUds content of below 
about 2% at the time the polymer is added to the suspension. 
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